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This invention relates to a composition and a method of preparing said composition that are useful in the 
treatment of porous surfaces such as masonry. More particularly, the composition contains a hydrdyzable si- 
lane monomer, silanols and alkoxy functional oligomers and Is characterized by being both anhydrous and sub- 
stantially organic solvent free. ^. , , ^tK^araa^f 
5 The advent of environmental regulations directed to environmental concerns, particularly in the area of 
architectural coatings, has created the need for solvenUess compositions. Solvent free architectural coatings 
containing silanes are known In U.S. Patent No. 4.716.051 Issued December 29. 1987. In the '051 patent 100 
percent of a pure solvent free alkyltrialkoxysilane is applied to the surface of concrete to render the surface 

hydrophobic. .^. 
10 The present invention is an improvement compared to this technology and provides a treating composibon 

which is anhydrous as well as being solventless or free of organic solvent, while at the same time including in 
addition to a sflane monomer, silanols and alkoxy functional oligomers. The prehydrolyzed composibon of the 
present invention will generate less organic alcohol liberated during further hydrolysis of alkoxy groups upon 
contact with moisture, thereby rendering the composition of the present invention more environmentally ac- 
ceptable. Since the compositions are also anhydrous, stability problems during storage of the composition and 
prior to its use, which are caused by decompositfon in aqueous medium are reduced. Thus, the compositions 
will remain stable for a sufficient time to make It economically feasible to employ these materials in a vanety 

of coating applications. . . . . 

The invention is directed to a composition for the treatment of porous surfaces such as masonry which is 
an anhydrous organic solvent free mixture containing (i) a hydrdyzable silane monomer, (ii) silanols of the si- 
lane monomer formed by partial hydrolysis thereof: (iii) lower alkoxy functional digomere formed by partial 
condensation of the silanols including dimere and trimere thereof; and (iv) higher alkoxy functional oligomere 
formed by partial condensation of the silanols indudi ng tetramere thereof. 

The invention is further directed to a method of preparing this composition. The method involves the steps 
of forming a solution by combining water with a hydrolyzable silane monomer in a range of 0.1 to 0.6 moles of 
water per mole of silane monomer in the presence of an acid catalyst and partially hydrolyzing the silane mono- 
mer to form silanols and alcohol while simultaneously partially condensing the silanols to form alkoxy functional 
oligomers: neutralizing the solution by adding a mild base to the solution; heating the solutton to a temperature 
sufficient to strip the alcohol from the solution and separating any excess mild base and any neutralizabon 
products from the solution. The product isolated is an anhydrous organic solvent free mixture of residual hy- 
drolyzable silane monomer, residual silanols and lower alkoxy functional oligomers including dimers, trimers 
and higher alkoxy functional oligomers including tetramers. 

The invention in addition is directed to a method of treating a porous surface such as masonry for the pur- 
pose of rendering it hydrophobic by applying to the porous surface a composition which is an anhydrous organic 
solvent free mixture of a hydrolyzable silane monomer, silanols and lower and higher alkoxy functional oligo- 
mers such as dimers, trimere, tetramere. 

The problem soked by the present Invention is to provide a method of making a masonry treating com- 
position in which a critical range of moles of water per mole of silane monomer resulte in the P^vision of an 
end product, which is anhydrous and organic solvent free and in compliance with environmental standards ot 
40 current architectural coating regulations. » _t 

Typically, the hydrolysis of the alkoxy groups of an organotrialkoxyssilane requires molecular contact of 
water with the alkoxysiiane in the presence of an acid ora base catalyst. Organotrialkoxysitenes are commonly 
dissolved in water by shaking or stirring vigorously with acidified water until a clear solution resulte. Triaikox- 
ysilanes of the formula RSi(OR')3 hydrolyze stepwise in water to the corresponding silanols which condense 
45 to siloxanes. The hydrolysis reaction is relatively rapid while the condensation reaction IS slower. 

The former reaction is typically conducted in the presence of an acid catalyst which accelerates the hy- 
drolysis Preferred acid catalysts are hydrochloric, acetic, oxalto and trichloroacetic acids, with hydrochlonc 
acid being the most preferred. A strong basic catalyst may also be employed. Representative strong bases 
are sodium hydroxide and sodium methylate. 
50 For purposes of the present Invention, the hydrolyzable silane monomer RSi(OR')3 is an organotrialkoxy- 

silane or a mixture of organotrialkoxysilanes such as alkyltrialkoxysilanes having C, to alkyi groups on sil- 
icon- aryltrialkoxysilanes; arylalkyltrialkoxysilanes and halogen substituted derivatives thereof. Representetve 
compounds which may be employed in accordance with the present invention are methyltrimethoxysitane, 
ethyltrimethoxysilane. propyltrimethoxysilane, isoprapyltrimethoxysilane. butyltrimethoxysilane, isobutyltri- 
55 methoxysilane, pentyltrimethoxysilane, hexyltrimethoxysilane, phenyltrimethoxysilane, phenylethyltrimethox- 
ysilane, chlorophenyltrimethoxysilane trifluoropropyltrimethoxysilane and chloropropyltrimethoxysilane. 

In addition to the foregoing RSl(OR'),. there may also be employed silanes in which R Is represented by 
an alkyI group having one to eight carbon atoms, preferably one to four carbon atoms or phenyl. Thus, appro- 
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priate hydrolyzable silane monomers for purposes of the present invention may '"dude the ^anous ethc«^^^ 
teoo^oS^^Tphenoxy derivatives of the several silanes enumerated previously. In addrtion. mixtures of the 
tZTZX empIS^d where it is desired to produce co^iigomerio products. In this event, the m.xU.re can 
for o^mje include a combination of an alkyttrialkoxysaane such as isobutyltrimethoxysilane a halc^en 
^ubScTdeS^tlvesuchastrifluropropylthmeth^^^^^ preferred comb.nat.on. .t should 

^^^"it;?hTdC™n^^^^ 

Lie of si?ane L^^eTr^^^^^^ favor the formation of the lower alkoxy functional oligomenc d.mejs 

^StnrletwhS 

tamers and higher epeci^- -^^aration of compositions in accordance with the present invention is 

functional °';fl°'"«'^,!"*?"J"9 ^^'jj'^f^^^^^ ^^e scenario described hereinabove is altered and the hydrolysis 
andrdeSSr^r"™^^^^^^ 

RSi(0R')3 * XHjO > RSi(0H)^(01l')3_^ * XR'OH 

(I) 
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RSi(0H)^(0R')3_„ > R'0-Si-(-OSi-)„0-Si-OR' 

(II) OR' OR" OR* 



(III) 

The lower and higher alkoxy functional dimer. trimer and telramer. are shown below: 
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R R 

I I 
R*0-Si-0-Si-OR' 

OR' OR' 

Dimer 

R R R 
R*0-Si-O-Si-0-Si-0R' 
OR* OR' OR' 
Trimer 



R R R R 

III). 
R'O-Si-O-Si-O-Si-O-Si-OR 

OR' OR' OR' OR' 
Tetramer 



lomiB and wMl Nonc.n»nl«k«s surfaces v^lch po»us are .ndoded «.oh as petlite. glass, 

^uitebt KeaJent with the compositions of the present invention are wood, wood products, f .bert^ard. ce- 
rials and hencrc^Smply wU^^^^ regulations regarding "volatile organic content" and "volat, e organic cor^ 

Zds^such^^:,a^^^^^^ 

in excess of about four hundred grams per liter. In contrast, many coatings of the pnor art """taining scrtveni 
base?aTko)L^^^^^^^ significant amounts of an alcohol which is a volatile organic ^j'^^^'^'^^^ 

Ter iS rS^llution regulations limit the amount of organic solvents that can be 

SSere The term used for solvents is "volatile organic compounds" (VOC). A volatie organic compound (VOC) 
Sned ^any^S-und of carbon that has a vapor pressure greater than 0.1 miHimeter of men:ury (0.01 
kPa) at a temperature of 20°C. and a pressure of 760 millimeters mercury (101 1 kPa). nh^rated 
^•^olatiie oiganic content" has been defined as the amount of volatile orgamc J '^f^^^^^, 

from a coatingls determined by ASTM D3690 and EPA Reference Method J* w^'^^^'^.f^"^^^^^^^^ 
t^sts Under the definition a volatile organic compound is any compound which enters the atmosphere ana 
ph^ochem'IS^S'keatmosp 

Reduction of VOC has been mandated In several Jurisdictions and one such regu ation ^q^'^f '^^j;^" 
about fSurTundred grams of vdatiles per liter of product to enter the atmosphere. This can be determined by 
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f HI nor fnrnnAhour The amount of solid swhich remain IS subtracted 

ate also employed as propellants. ^ and reduce the amount of volatile organic 

some governments have proposed ^^"'l^'J^^^^^ chemically formulated products used by 

compounds (VOC) permitted ,n various P^jJ^^^^'^J^^a^ing compounds; polishes; floor products; 

household and institutional consumers including '^'"^''^^^^^^^^J^^^^^ 

cosmetics; personal care p«>duc^ '"^^Jrers Jh S^^^ products as shaving lather, hair- 

specialty products. These standards would affect such y«deiy us preparations, lotions. 

sU. Shampoos, colognes. P^-^^^^f ^^^^^^^^^^^^ formulations and techniques for 

breath fresheners and room deodorants. Thus, neeo 

reducing organic emissions should be more than aPPf f®"'" . _„t.^- be coated by brushing, dripping 
The poTous surface to be treated by ^^'Iw^d to Sate w^^^^^ Further hydrolysis 

or spraying techniques, the coaUng ''^'^^ therejmr al ow^^^^^ ^^^.^^ .„ 

and condensation may occur because jno'S^" " ^ theTurface being treated. When applied to a porous 
surface itself or because of the ^^''^^"^J'^^l^l^^^^ reacting with OH groups present 

surface such as masonry, the ^'k^.'V ft'"*^^"-' („) tend to increase the hydrogen 

within the surface. The presence in ^-^^"^^^^^^^^^^ from the substrate. The silanols 

bonding and provide the rapidly. 

— e the concepts embodied in the present 



25 invention. 
EXAMPLE I 
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AA^A o ft nram molss of isobutvltrimethoxysilane (IBTMS). 
into a one thousand milliliter flask there was added 2^6 9^^";-^°^; J"^, ^ 35 hydrochloric 
The contentsoftheflask were agitatedandtherev^sa^^^ 

acid solution for the purpose of catalyzing the •^Vf'^l ^^^^^^ , j^e water ratios were evaluated as 
perature (25»C.) in the amount of 1 .2 gram moles. ^ shown '^^^^^^^ of hydwchloric acid as Sam- 

rndicatedVy Samples A-D. Sam|.e - n'^;*^^^^^^^ HddLn of water to the flask and the max- 
pies "A". "C- and "D". The reaction rnix^/f allowed to equHlbriate at ambient temperature for four 

imum temperature attained was Z9^C. ^^^^^.^''^I'lZ samples A-D are shown in Table I. As previously 
hours. The composition of t^-f y^^fX^'^^hfacW JlTys Sing hydrolysis is by the use of a mild base 
noted, the preferred method for "eutrallz^g ^'^^'^.'^^'S^^^^ added to the agitated flask. For 

such as calcium carbonate. Accordingly. 7.0 S^-^ °f "^'^'"/"^^a^; ^t^ong base, were used to neutralize the 
purposes of comparison. 3.8 grams ^I^^^^^^T^^^?^^'^^^^^^^^ from the neutral point and 

catalyst In Sample "G" as shown in Table 1 f .f^""" "^^"1^*2^!^;^^^^^ charcoal were used for 

produ'^ed an unstable product during ^^'f^^J'j;^'^-^^;^^^^ at ambient temperature 

the removal of chromophois from the productjhe^ 
for four houra. The mixture in the flask was dlow^^^^^^^ 

methanol generated during hydrolysis. The ""f ^^^^^ ^^e liquid in the flask had reached 160°C. 

a tap water cooled condenser. Distillation was Jj" * j^^^ j.ask was f iltered for the purpose of 

The flask was allowed to cool to ambient ''^'"^^'^'"'^■^^XZ'^toMe^S^^ 1" the neutralization step 
removing calcium carbonate, activ^ed ch^-ja,^^^^^^^^ 
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The amount of water employed in the process 



is a critical feature of the present invention. In ordertoobtain 
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«, calal,r. tM hyOroly* <•» 1 .5 tlrn^ mor. In B ^^^^ aianwtlon. Higher level. M 

",he^lncreaseatl.e»»«W<Wj|,.^^ 

feature in the maintenance of a stable PT^"^^/^^^."";.^^^^^ phase without a continuation of the 

enables a molar excess of the base to be ^^"'"^^Xlte in 1^^^^^ "G" i" Table 1 demonstrated that cat- 
reaction. However, a strong base such as sodium '"^"^y'^ J" f . ^y^^^ functional oligomers. This is 
:;rof the hydrolysis continued in the a.^^^^^^^^^^ 

reflected in the "Residue" analysis In Table ' f pnor to distillation, strong bases such as 

-G" in contrast to Samples "E" T";.''^^"^^^^^^^ molecular weight species, render-ng a 

sodium hydroxide and ^^""J^^'Y ^^'^T 1*^^^^ one to more carefully stabilize the d.stnb- 

diff icult to obtain a stable product In contrast, a mild base 

ution of oligomers in the final product. ,,^„^ance with the process of the present invention ranges 

coK,ligomers can be formed in accordance with the P ^^^^ isobutyltrimethoxysilane 

opropyltrlmethoxysilane referred to .n ^^'''^ " ^^/^^^^^^ 

(IBTMS). The progress of the reaction '"^^'^^^^Za tZ^^V^^- Table H shows the composition o he 

brruirtrssr^"^^^^^^^^^^ 



mer product 
EXAMPLE II 
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. o^HoH 79 6 Oram moles of isobutyltrimethoxysilane (IBTMS) 

Irrto a one thousand mOliiiter flask there was added 22.6^^^^ 

and 0.92 gram moles of tr-f luoropropyltr'^ethoxy^^^^^^^^ purpose of cat- 

and there was added to the flask 25.0 S'^^ ^^^Jf^^/S temperature {25»C.) in the amount of 

alyzing the hyd^lysis. water was slow^add^^^^^^^ 

11 1 aram moles. The reaction mixture exothermed during in gt ambient temperature for four hours. 

Zil^Zr. attained was 39=C. The mixture -^^^J'^^.^ a^^^^ '"^^ ° 

Th^Vf ive grams of calcium carbonate vi«s add«^^^ 

gran« of activated charcoal fortheremovaMchrarn^^^^^ 

Sbriate at ambient temperature for4hours.TT.em«J^^^^^^ ^^^^^^ ^„^^ted in another 

for the purpose of removing methanol g«"««^^ ^"""^J.^,^^^^^^ was discontinued when the liquid in 
Ssk foLing condensation in a tap water coo ed ^^^'—Jemperature. The product in the flask 

he flask had'reached 160°^. The flask wa^^edto^oooUoa^^^^^^ ^^P^^^^ ^^^^^ 

was filtered for the purpose of removing ^^^^^"^ using a laboratory scale pressure 

formed in the neutralization ^'^^^[^^U^^^lr^^^^^ '^^^^ "^"^ 
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TABLE II 



Material 


Methanol 


IBTMS Monomer % 


F3PrSi(OMe)3 Mono- 
mer % 


Higher Oligomers % 


IBTMS Feedstock 


1.19 


97.37 




1.4 


F3PrSi(OMe)3 
Feedstock 


0.63 




94.6 


4.77 


Co-oligomer Hy- 
drolysis Product 


15.0 


10^ 


0.25 


74.55 


Co-oligonner Fi- 
nal Product 




11.2 




88.78 



Claims 



A method of making a mixture containing an alkoxysiiane. alkoxy functional oligomers and 

an a'ljdrors organ^ sivent free mixture of residuai hydrdyzabie ^^^^^J^^^^^'^^;^^ 
silanols including tetramers and higher species. 

The method according to claim 1 in which the hydrolyzable s.lane monorn^ is an 
or a mixture of organotrialkoxysilanes selected from alkyltrlalkoxysilanes having C, to 
sLconrSi^trialkoxysilanes; arylalkyltri^^^^ and halogen substrtuted alkyl and aryl der.vat.ves 

thereof. 

The method acconling to claim 2 in which the organotrialkoxysllane is a compound selected fr"/" '"^J'^yt- 

loxy equivalents. 

pLcent by weight of lower alkoxy functional oligomers .ndud.ngd.mersand^^^ 

percent by weight of higher alkoxy functional ol«ome,5 including tetramers and h.gher spec.es. 

acetate, potassium acetate and ammonium acetate. 

The method according to daim 1 in which the hydrolyzable silane monomer. 

■ tlonal oligomers induding the dlmers. trimers. tetramers and higher spaces, are methoxy or ethoxy func- 

tional. 

The method according to daim 5 In whldi the catalyst is hydrochloric add: the mild base is calcium car- 

■ ;iTe an^th^S base and any neutralization products are separated from the product by filtration. 



8 



EP 0 579 453 A2 



10 



The method according to daim 7 in which the hydrolyzable silane monomer is contacted with water in a 
proportion of 0.25 to 0.5 moles of water per mole of silane monomer. 

A method for making a masonry treating composition which comprises contacting a hydrolyzable silane 
m^omer with water in a proportion of 0.1 to 0.6 moles of water per mole of s.lane monomer n the pres- 
Tc^ of a Salystlo hyd,Sly« the silane monomer and condense the hydrolysis P-;oduct obtained; neo- 
^Sing the product oJtain^ by the addition of a mild base to the product; heabng the Prod^^t to a tem- 
S S sufficient to remove any alcohol present in the product; separating the m.ld base and any prod- 
Ss of ne^Ston from the p^duct and isolating the product in the form of an anhydrous organ.csol- 
vent free mixture. 
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